Abstract-This paper proposes one integer frequency offset estimation algorithm for orthogonal frequency division multiplexing (OFDM) based digital radio mondiale (DRM) system. The algorithm exploits the correlation of frequency pilots to construct a novel angle vector. As the power factor of the pilots in the correlated calculation is inevitably disturbed by the multipath and noise, the angle vector only utilizes the phase factor of the pilots. The integer frequency offset can be obtained by detecting the shift of the vector norm of the pilots, because the vector norm is maximum at the position of the pilots. The performance of the proposed algorithm is compared with that of conventional algorithms. The simulation results show that the proposed algorithm can effectively combat multipath and noise with wider range and higher accuracy of the frequency offset estimation.  Index Terms-Digital radio mondiale, orthogonal frequency division multiplexing, integer frequency offset
I. INTRODUCTION
The DRM system utilizes OFDM modulation [1] . OFDM as an orthogonal multi-carrier modulation system is much more sensitive to carrier frequency offset than the single-carrier system. As the carrier frequency offset can destroy the orthogonality of sub-carriers and bring the inter-carrier interference (ICI), the frequency synchronization is particularly important to OFDM system.
The carrier frequency offset (CFO) estimation is usually divided into two parts: integer frequency offset (IFO) [2] - [4] and fractional frequency offset (FFO) [5] - [9] . Lots of research has been done for OFDM frequency synchronization algorithms. Basically, they are summarized into two categories: the training sequence assisted and non-data assisted.
The non-data assisted algorithm, for example, ML (maximum likelihood) based on CP (cyclic prefix). With the help of the correlation between the CP and the back portion of the OFDM symbol, the algorithm can complete the symbol synchronization estimation [10] . As the frequency offset estimation range | | 0. 5 
 
which is normalized to the sample interval, the algorithm can't do integer frequency offset estimation [11] .
The method based on the training sequence is the joint estimation of time and frequency. To get accurate integer Corresponding author email: yancheng66@aliyun.com. frequency offset, the estimation of time-delay and the fractional frequency offset are necessary. S&C [12] is proposed by T. M. Schmidl and D. C. Cox, in which the presence of peak platforms leads to the vague timing synchronization. Minn [13] re-designs the first two OFDM symbols, and the algorithm eliminates the flat effect of the timing metric function. However, the method has a large root mean square error in multipath channel, and in a quarter of the cyclic prefix to the number of subcarriers, the performance is not satisfactory. Park [14] proposes one synchronization algorithm which can produce a sharp peak. However it would be accompanied by side peaks. Conventional synchronization algorithm based on the correlated property of the time-domain pseudo-noise (PN) sequence may not work well in multipath channels. An algorithm is proposed in [15] where the PN sequence in the frame head is considered as a CP of the OFDM training symbol. The frequency synchronization algorithm based on the training sequence develops the synchronization performance by increasing the system overhead with the low spectrum utilization and limited estimated range. This paper will focus on the integer frequency offset estimation algorithm for DRM receiver [16] . Basically, they are summarized into two categories: the time pilot reference and frequency pilot reference. The problem of frequency offset estimation has been widely explored, but there is still room for a better estimator which has a wider range and higher accuracy.
The section II mainly introduces the DRM system model. The section III describes the conventional frequency synchronization algorithm for DRM system. The section IV will introduce the proposed algorithm. Finally, the proposed algorithm is verified by simulation.
II. THE DRM SYSTEM MODEL
The DRM system utilizes the OFDM modulation. At the transmitter, an OFDM symbol ( ),
is generated by performing an N-point inverse fast fourier transform (IFFT) on the information symbol X(k) for where T s is the OFDM symbol period, T g is the cyclic prefix, T u is the useful part of OFDM symbol. After passing over DRM channel with N t paths, the receiver symbol:
where L is the symbol index,  is the frequency offset The receiver symbol in the frequency domain can be expressed:
. The carrier frequency offset is usually divided into integer part and fractional part, and it can be calculated respectively. With the influence of the fractional frequency offset, the accuracy of integer frequency offset estimation will greatly decrease.
The fractional frequency offset estimation can use the most commonly used algorithm: ML (maximum likelihood).  is the estimation of time-delay. So, the fractional frequency offset is: 
A. The Integer Frequency Offset Estimation based on Time Pilots
Define a TRC (time reference cell) as:
where 2 is a pilot boost factor and 2 ( ) /1024 k  denotes a predefined phase rotation of the pilot cell.  denotes the set of TRC indices. The exact position and phase rotation of the TRCs are depicted in [1] . The traditional integer frequency synchronization algorithm based on the time pilot exploits the correlation of the time pilots and receiver symbol [17] .
where () 
The algorithm is susceptible to multipath and noise. The algorithm in [18] is based on the partial correlation and splits the correlation into the B blocks ( 2 a BT  , a T : the allowed symbol time-delay error).
The algorithms in [17] [18] are suitable for DAB (Digital Audio Broadcasting) system that utilizes the block-type pilot, while they are not suitable for DRM system because the time pilots are not uniformly distributed. The frequency estimation algorithm in [19] , implemented by TRC partitioning for DRM systems, is proposed. The TRC partitioning scheme is used for weakening the effect of frequency-selective fading: One frequency synchronization algorithm for DRM system based on the frequency pilots is proposed by Communications Technology Institute of Darmstadt University. The following will introduce the algorithm [21] :
Firstly, the algorithm should make FFT operation on receiver symbols to estimate the power spectrum: N is the number of spectra used for averaging. In the presence of frequency offset, the peak of the pilot will shift .The frequency offset can be obtained by detecting the shift of the pilots.
arg max 4 
IV. THE PROPOSED ALGORITHM

A. The Proposed Algorithm
Based on the characteristics of DRM frequency pilots, this paper proposes one integer frequency offset estimation algorithm for DRM. The proposed algorithm utilizes M+1 consecutive received symbols. After the conjugate multiplication of two adjacent symbols, the power spectrum of corresponding carriers () 
where L is the index of symbols. According to (23), the 
where 1 j . Therefore, integer frequency offset can be obtained by (25): 
B. The algorithm analysis
Before the estimation of integer frequency offset, the time-delay and fractional frequency offset have been already compensated. The proposed algorithm exploits the known correlation of frequency pilots. 
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According to the DRM channel parameters:
(33) where max  is the maximum time-delay. So the DRM channel is flat-fading in the frequency domain [22] . When the SNR is high, the ( 1 )
So the ()
Li
Ph k  at the position of the pilots can be expressed as : 
The equation (36) (37) is monotone decreasing in the
of frequency pilots tend to 0  to its fullest extent, while
of other carriers are much more than 0  . The conventional algorithms mainly exploit the power factor of the pilots in the correlated calculation. As the power factor of the pilots is inevitably disturbed by the noise and multipath, the correlated peak may be weakened. The proposed algorithm gets rid of the power factor of the pilots in correlated calculation and only retains the phase factor of the pilots. Because the DRM channel is flat-fading in the frequency domain, the phasedifference
can efficiently weaken the impact of the noise and multipath. In addition, superposition of pilots and a set of consecutive received symbols can be used to combat the noise. Consider the complexity and accuracy of the proposed algorithm, 10 consecutive symbols are selected.
V. SIMULATION
The channel bandwidth is 10Hz and the Robust mode B is selected in this paper. The DRM channel parameters are shown in the Fig. 3 shows the integer frequency offset estimation of the proposed algorithm in the channel 6. Set the frequency offset to 1200.64 Hz. The peak is at position of the 26th sampling point, and the estimated frequency offset is 1200.58 Hz according to (24), (25), (26). Simulation test shows that the proposed algorithm meets the requirements of the DRM system. Define mean error of Frequency Synchronization:
where  is the actual frequency offset,  is the estimation of frequency offset. Fig.4 shows the mean error of frequency offset estimation. Set the range of the The mean square error (MSE) of normalized frequency offset is used to measure the performance of the algorithm. Fig. 5 shows that the MSE of the proposed algorithm and traditional algorithms versus SNR in the channel 2. Set the frequency offset to 150.24 Hz. From MSE curves, it is clear that the proposed algorithm has a small variance than traditional algorithms. Moreover, under the same MSE conditions, the performance of the proposed algorithm is about 2-4 dB higher than the traditional algorithms. Fig. 6 shows that the MSE of the proposed algorithm and traditional algorithms versus SNR in the channel 6. Set the frequency offset to 220.24 Hz. There are only minor changes for the MSE cure of the proposed algorithm with respect to Fig.5 , while the algorithms in [17] , [18] , [21] can no longer meet the requirements of frequency offset estimation with large MSE. Compared with Fig.5 , the performance of the algorithm in [19] is about 6 dB smaller. As the fading caused by multipath channel makes the symbol power spectrum ups and downs, the accuracy of the algorithm in [21] can't be guaranteed. The algorithms in [17] , [18] must satisfy the condition that time pilots are uniformly distributed, are not suitable to the DRM system. Fig. 7 shows the MSE of the proposed algorithm versus SNR in DRM channels. Channel 1 is the AWGN channel, while channel 6 is multi-path channel. Compared with channel 6, the MSE of channel 1 is about 1dB smaller 
VI. CONCLUSION
Based on the characteristic of the frequency pilots, one integer frequency offset estimation method is proposed for DRM system. The proposed algorithm gets rid of the power factor of the pilots in correlated calculation and only retains the phase factor of the pilots. The structure of the angle vector is beneficial to weaken the impact of the noise and multipath. Simulation results show that the proposed algorithm improves the range and accuracy of the frequency offset estimation.
